Measurements of glomerular filtration rate (GFR), and the fractional excretion of sodium (Na) and potassium (K) are critical in assessing renal function in health and disease. GFR is measured as the steady state renal clearance of inulin which is filtered at the glomerulus, but not secreted or reabsorbed along the nephron. The fractional excretion of Na and K can be determined from the concentration of Na and K in plasma and urine. The renal clearance of inulin can be demonstrated in an anesthetized animal which has catheters in the femoral artery, femoral vein and bladder. The equipment and supplies used for this procedure are those commonly available in a research core facility, and thus makes this procedure a practical means for measuring renal function. The purpose of this video is to demonstrate the procedures required to perform a lab demonstration in which renal function is assessed before and after a diuretic drug. The presented technique can be utilized to assess renal function in rat models of renal disease.
Introduction
The most important function of the kidney is the homeostatic regulation of extracellular water and electrolyte content. The kidneys closely regulate extracellular water, sodium (Na) and potassium (K) to maintain normal physiological levels. Disturbances in renal function can result in serious metabolic disorders which can be fatal. The basic renal process occurs in the nephron and begins with the filtration of plasma at the glomerulus and ends with the excretion of urine. Other processes that determine the final concentration of water, Na and K in the urine are secretion and reabsorption within the nephron. Measurements of glomerular filtration rate (GFR) and the fractional excretion of Na and K are critical in assessing renal function in health and disease. The reader is referred to previously published review articles and textbooks for a more thorough discussion of kidney function [1] [2] [3] [4] . GFR can be measured as the steady state renal clearance of inulin which is filtered at the glomerulus, but not secreted or reabsorbed along the nephron 5 . While this technique requires anesthesia, surgical preparation, and a terminal experiment, it is considered the gold standard of GFR measurement. Using inulin that is tagged with fluorescein-isothiocyanate (FITC), plasma and urine concentration of FITC-inulin can be easily measured in small volumes and used to calculate GFR during multiple time points of an experiment. The fractional excretion of Na and K can be determined from the concentration of Na and K in plasma and urine.
The conceptual understanding of how to measure renal function can easily be demonstrated in a short lab designed to allow students to actively participate in some aspects of the experiment. This video depicts the pre-lab preparation, the renal function demonstration, and the post-lab evaluation of results. The surgical techniques necessary for making measurements of GFR are demonstrated in an anesthetized rat. In addition, example calculations for GFR, and the fractional excretion of Na and K are shown before and after administration of a diuretic drug.
Representative Results
The diuretic used in the lab demonstration was furosemide which very quickly inhibits the reabsorption of Na and K filtered by the kidney resulting in increased Na, K, and water excretion within minutes of drug administration. By its primary mechanism, furosemide should have minimal effects on GFR and the filtered load of Na and K, but will increase urine flow, and fractional excretion of Na and K.
The representative results in Table 3 show that in an anesthetized rat, the average of the pre-drug values for GFR was 3.2 ml/min, Na excretion was 0.58 µmol/min (0.1% of the filtered load), and K excretion was 4.4 µmol/min (27% of the filtered load). Five minutes after furosemide (postdrug 1), GFR and the filtered load of Na and K were unaffected. However, the fractional excretion of Na increased to 11.5%, and the fractional excretion of K increased to 63% of the respective filtered loads. The measurements of MAP and HR indicate that furosemide had minimal effects on MAP and HR ( Table 2 ).
The indices of renal function assessed in the laboratory demonstration were the GFR, defined as the rate by which plasma is filtered by the kidney; the filtered Na and K, defined as the rate by which Na and K are filtered by the kidney; the Na and K Excretion Rate, defined as the rate by which Na and K are excreted by the kidney; and the fractional Excretion of Na and K, defined as the percentage of filtered Na and K that is excreted by the kidney Standards and samples were assayed in duplicate and diluted as needed. The average fluorescence for each sample was used to calculate the concentration of inulin. The inulin concentrations in these urine samples are included in the table of measurements ( Table 2) . Table 2 : Measurements Recorded during the Renal Function Lab Demonstration. The variables recorded during five time periods (two Pre-drug and three Post-drug) of the renal function lab demonstration are right and left kidney weight, mean arterial pressure (MAP), heart rate (HR), sample time, urine volume, plasma and urine sodium (Na), potassium (K), and inulin concentrations. The urine inulin concentrations were determined from the inulin assay shown in Table 1 . Table 2 ) are used to calculate urine flow rate, glomerular filtration rate (GFR), GFR/g kidney weight, excretion rate, filtered load, and fractional excretion of sodium (Na) and potassium (K) during the two Pre-drug and three Post-drug periods.
Discussion
An appropriate marker for GFR measurement must meet four criteria: be freely filtered at the glomerulus, be unbound to plasma proteins, and neither be absorbed nor secreted in the nephron. Inulin is a fructose polymer which satisfies these criteria. As a result, the renal clearance of inulin is considered the gold standard for measuring GFR 7 . The demonstrated technique represents the traditional approach of determining the renal clearance of inulin using timed urine collections during a constant infusion of inulin 8, 9 . Traditional inulin measurements have been made using the anthrone method to produce a quantitative colorimetric determination of inulin measured by spectrophotometer 10, 11 . However, in an attempt to facilitate the measurement of inulin in smaller volumes of urine and plasma, inulin has been tagged with radioactive [12] [13] [14] , and fluorescent labels [15] [16] [17] . The lab demonstration presented in this video used FITC labelled inulin for the measurement of renal function because of the lack of risk of human radiation exposure and the ease of measuring FITC fluorescence
